-A193  374 


DUS  FILE  CUP’/ 


IN  VITRO  AND  IN  VIVO  MEASUREMENT  OF  PERCUTANEOUS  PENETRATION  OF  LOW  MOLECULAR 

WEIGHT  TOXINS  OF  MILITARY  INTEREST 
ANNUAL  PROGRESS  REPORT 
DEC.  22,  1986  THROUGH  DEC.  22,  1987 
AUTHORS 

B.W.  Kemppalnen,  Principal  Investigator;  M.  Mehta 
January  19,  1988 
SUPPORTED  BY 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
4  Fort  Detrick,  Frederick,  Maryland  21701-5012 

Contract  No.  0AMD17-87-C-7007 

Dept,  of  Phanaacal  Sciences,  School  of  Pharmacy 
Auburn  University,  Auburn,  AL  36849 

Approved  for  public  release;  distribution  unlimited 

The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Array  position  unless  so  designated  by  other  authorized  documents 


DTIC 


ucmb 


>~a***ri*<}  -B|.  ,  r  M  M 

'■»•  SECURITY'  <X*!iW<CAii£i4  AU THOSITY 


-ii*.  DEOASStflCATION/ DOWNGRADING  SCHEDULE 


*•  PERFORMING  ORGANIZATION  REPORT  NUMSEfi(S) 


3.  DISTRIBUTION  t  AVAILAitUTY  Of  RiWJHT 

Approved  for  public  release;  distribution 
unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(SJ 


«*.  NAME  OP  PERFORMING  ORGANIZATION 

Auburn  University 


6C  ADDRESS  (Crt*,  UM.  VK/WCod*) 

School  of  Pharmacy 
Auburn,  Alabama  36849 


/*.  NAME  Of  MONITORING  ORuAMZArtOM 


Jb.  ADDRESS  (Gty.  SUtt.  and  £M>Catk) 


8*.  NAME  Of  FUNOING/ SPONSORING  1 8b.  OFFICE  SYM8 

organization  U.S.  Army  Medical  I  (H  spfiUctbh) 
Res.  &  Devel.  Oanrand.  j 


8c  ADDRESS  {Gty,  State.  and  iff  Coot) 


8b.  OfftCE  SYMBOL  9.  PROCUREMENT  INSTRUMENT  IDEM  TifKATION  WUMSER 
(!f  applicable) 

Contract  No.  DAMD17-87-0-7007 


10.  SOURCE  Of  fUNOING  NUM6ESS 


PROGRAM 
ELEMENT  NO. 

62770A 


Port  Ds trick 
Ffederick,  MD  21701-5012 


II.  Title  (tndv de  Security  Oaatfkabon) 

In  vitro  and  in  vivo  measurement  of  percutanecxis  penetration  of  low  molecular  weight 
_ toxins  of  military  interest. 


12.  PERSONAL  AUTHORS)  _ _ 

_ B.W.  Kercpainen  and  M.  Mehta  "  ”” 


13*.  TYPE  OF  REPORT 

Annual  Report 


16  SUPPLEMENTARY  NOTATION  /  X 


Jl3b.  TIME  COVERED  $ 

UT'  DATE  OF  REPORT  1  fear.  Month,  Bay) 

is.  f» 

f  1988  Januay  19 

i - in 

COSATI  COOES 


GROUP  SU8-GROUP 


5 


FIELD 


06 


06  1  /  20  mi 


19  arstr^t  (Continue  on  reverie  if  neceuary  end  identify  by  biock  number) 

The  purpose  of  these  studies  is  to  determine  the  rate  of  penetration  of  low  molecular 
weight  toxins  through  excised  human  sk^n  and  buocal  mucosa.  The  ccrnpounds  currently  being 
studied  are  microcystin,  breve  toxin  ( [tfH]PfcTx-3) ,  lyngbyatoxin  A,  and  saxi toxin.  The 
methods  involve  mounting  discs  of  excised  skin  on  diffusion  cells,  applying  the  toxin 
to  the  epidermal  surface,  and  measuring  the  accumulation  of  toxin  in  the  receptor  fluid 
which  bathes  the  dermal  surface  of  the  skin  disc.  The  diffusion  cells  are  inaibated  at  36* 
for  the  entire  length  of  the  experiment,  48  hr.  High  performance  liquid  chromatography 
(KPI£)  has  been  used  bo  measure  the  accumulation  of  microcystin  and  [pHjPfcTTx-3  in  receptor 
fluid  bathing  excised  skin.  The  penetration  of  microcystin  through  excised  guinea  pig^.  ju » 
human  and  mouse  skin  was  1.5,  2.4  and  4.5  (expressed  as  percent  of  dose,  100  figTnlcrocystii 
dissolved  in  ECO) .  Analysis  of  the  receptor  fluid  suggested  that  a  fraction  of  the 
microcystin  was  metabolized  during  penetration  through  the  hunan  and  mouse  skin.  .When  the 
dose  of  microcystin  applied  to  excised  guinea  pig  skin  was  decreased  to  17  and  8/5  ug. 
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there  was  an  iacrcaso  in  the  percent  of  dose  which  penetrated  the  skin  (4.0  and  4.6%, 
respectively) .  When  0.9  ug  of  [^H]PbTx-3  (dissolved  in  D*SC)  was  applied  to  the 
epid<£rinl  surface  of  excised  guinea  pig  skin,  12%  of  the  applied  dose  penetrated  the 
skin  within  24  hr. 


SUMMARY 


The  purpose  of  these  studies  Is  to  determine  the  rate  of  penetration  of 
low  molecular  weight  toxins  through  excised  human  skin  and  buccal  mucosa.  The 
compounds  currently  being  studied^  are  mlcrocystln,  brevetoxln  ( £^H] PbTx-3) , 
lyngbyatoxln  A,  and  saxl toxin.  The  methods  Involve  mounting  discs  of  excised 
skin  on  diffusion  cells,  applying  the  toxin  to  the  epidermal  surface,  and 
measuring  the  accumulation  of  toxin  in  the  receptor  fluid  which  bathes  the 
dermal  surface  of  the  skin  disc.  The  diffusion  cells  are  Incubated  at  36*C 
for  the  entire  lengtK  of  the  experiment,  48  hr.  High  performance  liquid 
chromatography  (HPLC)  has  been  used  to  measure  the  accumulation  of  mlcrocystln 
and  [^H]PbTx-3  In  recaptor  fluid  bathing  excised  skin.  The  penetration  of 
mlcrocystln  though  excised  guinea  pig,  human  and  mouse  skin  was  1.5,  2.4  and 

4.5  (expressed  as  percent  of  dose,  100  ug  mlcrocystln  dissolved  In  PI-ISO) . 
Analysis  of  the  receptor  fluid  suggested  that  a  fraction  of  the  mlcrocystln 
was  metabolized  during  penetration  through  the  human  and  mouse  skin.  When  the 
dose  of  mlcrocystln  applied  to  excised  guinea  pig  skin  was  decreased  to  17  and 

8.5  ug,  there  was  an  Increase  In  the  percent  of  dose  which  penetrated  the  skin 
(4.0  and  4.6%,  respectively).  When  0.9  ug  of  (^H]PbTx*3  (dissolved  in  DMSO) 
was  applied  to  the  epidermal  surface  of  excised  guinea  pig  skin,  12%  of  the 
applied  dose  penetrated  the  skin  within  24  hr. 
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FOREWORD 


a.  Citations  of  commercial  organizations  and  trade  names  In  this  report  do 
not  constitute  an  official  Department  of  the  Amy  endorsement  or  approval 
of  the  products  or  services  of  these  organizations. 

b.  In  conducting  the  research  described  In  this  report,  the  Investigator  (sj 
adhered  to  the  'Guide  for  the  Care  and  Use  of  Laboratory  Animals," 

•  prepared  by  the  Ccesaittee  on  Caro  and  Use  of  Laboratory  Animals  of  the 
Institute  of  Laboratory  Animal  Resources,  National  Research  Council  (DHEW 
Publication  No.  (NIH)  78-23,  Revised  1978). 

c.  For  the  protection  of  human  subjects  the  Investigators  (s)  have  adhered  to 
policies  of  applicable  Federal  Law  45CFR46. 
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1.  STATEMENT  OF  PROBLEM 

The  purpose  of  this  work  was  to  determine  (1)  the  amount  of  percutaneous 
absorption  which  would  occur  if  humans  were  dermal ly  exposed  to  low  molecular 
weight  (M.W.)  toxins  and  (1  i )  the  rate  of  penetration  of  low  M.W.  toxins  through 
human  mucosal  membranes.  Toxins  which  are  currently  being  studied  are 
microcystin,  brevetoxln  (PbTx-2  and  PbTx-3),  lyngbyatoxin  A,  and  saxitoxin. 

2.  BACKGROUND 

Toxins  Being  Studied.  The  following  section  provides  a  brief  literature 
review  of  the  toxins  which  are  currently  being  studied  in  this  contract. 

Hicrocvstin.  Blue  green  algae  poisoning  causes  disease  and  death  of 
livestock  and  other  animals  that  drink  from  algae  infested  waters.  This  group  of 
aigae,  also  known  as  cyanobacteria,  Is  found  world  wide,  but  only  a  few  of  its 
members  are  poisonous.  Known  poisonous  algae  are  microscopic  and  most  of  these 
are  fresh  water  algae,  though  there  are  some  poisonous  marine  forms  also.  Main 
genera  responsible  for  fresh  water  toxic  blooms  are  Microcystis.  Anabaena,  and 
Aphanizomenon.  Most  favorable  conditions  for  a  bloom  to  occur  are  warm,  dry,  low 
wind  days  of  summer  and  early  fall.  Toxic  blooms  have  been  detected  all  over  the 
world  (1,2).  Algae  growth  and  toxin  production  is  facilitated  by  increased 
environmental  pollution  and  eutrophication  of  natural  waters.  Of  the  suspected 
toxic  blue  green  algae,  blooms  of  M.  aeruginosa  continue  to  be  most  commonly 
reported  (3). 

Microcystin  (produced  by  strains  of  M.  aeruginosa)  is  a  cyclic  peptide  with 
M.W.  of  994  daltons.  Toxic  bloom  of  blue  green  algae  primarily  represent  a 
threat  to  wild  life  and  domestic  animals  but  there  is  increasing  concern  that 
they  might  also  pose  a  health  risk  to  people  through:  (i)  drinking  from 
contaminated  water  supplies  and  (ii)  recreational  water.  People  swimming  in 


2 


it 


algae  contaminated  waters  have  developed  contact  irritation  and  gastroenteritis 
(4).  It  is  not  known  If  the  toxin(s)  were  absorbed  percutaneous! y  or  via 
ingestion. 

Brevetoxin.  Brevetoxins  are  a  group  of  highly  lipid  soluble  compounds  which 

« 

are  produced  by  the  dlnoflagellate  Gvmnodlnlum  breve  (renamed  Ptvchcdl >cus 
brevis).  Dlnoflagellate.  blooms,  referred  to  as  red  tide,  have  been  Implicated  in 
human  intoxication  resulting  from  ingestion  of  contaminated  shellfish  or  exposure 
to  seaspray  aerosols.  PbTx-2  (also  referred  to  as  T34,  brevetoxin  B  and  GB-2)  Is 
primarily  a  neurotoxin  and  PbTx-3  (also  referred  to  as  T17,  dlhydrobrevetoxln  B 
and  GB-3)  causes  brcnchoconstrlctlon  (5,6).  In  mice  the  LD50  of  PbTx-3  is  94 
ug/kg,  via  intravenous  route.  For  humans  there  are  several  descriptions  of  signs 
and  symptoms  of  exposure  to  brevetoxins.  An  aerosol  of  brevetoxins  produced  by 
shoreward  wind  lifting  the  foam  from  the  water  during  a  'red  tide'  has  caused 
coughing  and  sneezing  (and  possibly  an  asthmatic  like  attack)  in  persons  and 
animal  pets  near  the  shore.  Persons  swimming  In  'red  tides'  may  experience  eye 
and  skin  Irritation  and  itching.  Ingestion  of  shellfish  contaminated  with 
brevetoxins  caused  nausea,  cramps,  paresthesia  of  lips,  face  and  extremities, 
occasionally  weakness  and  difficulty  in  movement,  even  apparent  paralysis, 
seizures  and  coma.  Although  severe  illnesses  have  been  reported,  no  deaths  have 
been  reported. 

Ivnobvatoxln  A  (Teleociciin  Al.  Lyngbyatoxln  A  Is  produced  by  the  marine 
blue  green  algae  Lvnobya  ma.iuscule.  It  has  the  same  chemical  structure  as 
teleocldln  A  (10).  Teleocldin  A  belongs  to  a  class  of  teleocidlns  which  also 
Includes  dlhydroteleocidln  B  and  teleocldln  B.  The  teleocldin  used  in  the 
present  study  Is  a  mixture  of  93%  teleocldln  A  and  7%  teleocldln  B,  and  was 
Isolated  from  Streotomvces  medlocldlcus  as  a  strong  skin  Irritant.  Teleocldln 
belongs  to  a  group  of  tumour  promoters.  Tumour  promoters  exert  various  biologic 
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effects  In  vivo  and  ip  vitro  on  cultured  cells.  These  effects  are  thought  to  be 
Induced  after  the  tumour  promoter  bind  to  specific  cell  surface  receptor  (7,8). 
Teleocldln  Is  as  strong  a  tumour  promoter  on  mouse  skin  as  12-0- 
tetradecanoylphorbol -13-acetate , (TPA)  (9,10) . 

Swimmer's  Itch  was  first  reported  In  Japan  In  the  summer  of  1968  on  Okinawa 
Island.  Symptoms  were  Itching,  rash,  burning,  blisters  and  deep  erosion  leaving 
a  painful  skin.  Hashlmoto  (11)  suggested  that  the  marine  blue  green  alga,  L. 
ma.luscula.  was  the  cause  of  this  dermatitis  In  Okinawa.  In  the  summer  of  1980, 
there  was  a  severe  outbreak  of  swimmer's  Itch  on  Oahu  Island,  Hawaii,  and 
aplyslatoxln  and  debromoaplyslatoxln  from  the  marine  blue  green  algae  L* 
ma.luscula  were  Identified  as  the  causative  agents  (12,13,14).  Later  1*  was  shown 
that  these  agents  have  potent  tumor-promoting  activity  In  2  stage  carcinogenesis 
In  mouse  skin  (15,16,17). 

Saxltoxln.  Saxltoxln  or  paralytic  shellfish  poison  Is  a  nerve  toxin, 
produced  by  Gonvaulax.  a  marine  dlnoflagellate  (18).  The  tcxln  is  a  dibasic  salt 
with  pKa  values  of  8.2  and  11.5.  The  M.W.  as  a  dihydrochloride  salt  Is  354.  As 
described  above,’  favorable  conditions  lead  to  blooms  of  the  dinoflagellates 
(algae)  which  are  referred  to  as  red  tide.  The  toxins  produced  during  blooms 
cause  contamination  of  fish  and  shellfish  (19).  Human  consumption  of  fish  and 
shellfish  contaminated  with  saxltoxln  results  In  poisoning  and  occasionally  death 
(20).  The  lethal  dose  is  estimated  to  be  approximately  1  mg  in  humans. 

Percutaneous  Penetration  Studies.  The  low  M.W.  peptides  and  other  compounds 
described  above  are  all  highly  toxic.  It  Is  not  known  if  dermal  exposure  to 
these  compounds  results  In  systemic  effects.  This  study  will  determine  to  what 
extent  these  compounds  penetrate  skin  and  mucosal  membranes.  An  in  vitro 
technique  for  studying  the  rate  of  penetration  of  test  material  across  skin  has 
been  developed  which  approximates,  to  varying  degrees,  the  rate  of  penetration 
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which  occurs  In  viva  (21,22,23).  This  study  will  also  determine  how  accurately 
the  In  vitro  penetration  of  lew  M.K.  compounds  predicts  In  vivo  penetration  by 
doing  a  series  of  in  vitro  studies  which  closely  follow  the  conditions  used  In  in 
vivo  studies. 

* 

The  effect  of  vehicle  on  the  penetration  of  low  M.W.  toxins  through  Intact 
skin  Is  being  evaluated.  Polar  solvents  (for  example,  polyethylene  glycol)  are 
thought  to  enhance  percutaneous  penetration  of  a  number  of  compounds  through 
their  role  as  solubilizing  agents  (24).  01 methyl  sulfoxide  (DMSO)  Is  a  dipolar 
aprotlc  solvent  which  enhances  the  percutaneous  penetration  of  many  substances 
(25).  DMSO  Is  thought  to  act  by  displacing  the  bound  water  In  skin  and  then  the 
penetrant  suinly  diffuses  through  the  DMSO  In  the  membrane. 

The  penetration  of  low  M.W.  toxins  through  whole  skin  (epidermis  and 
dermis),  and  buccal  and  nasal  mucosa  Is  being  measured.  The  stratum  comeum  (the 
outer-most  layer  of  the  epidermis)  is  the  main  barrier  to  penetration  through 
skin  (26).  The  penetration  of  water  through  human  dermis  (epidermis  removed 
after  heating  to  60*C)  and  dog  buccal  mucosa  were  2  to  3  orders  of  magnitude 
greater  than  that  of  human  epidermis  (27).  In  man  the  stratified  squamous 
epithelium  of  the  mouth  does  not  undergo  complete  keratlnlzatlon  (28).  The 
absorption  of  some  compounds  via  the  buccal  route  Is  greater  than  by  the  oral 
route  (29).  For  Instance,  buccal  absorption  of  thyrotropin  releasing  hormone  (a 
regulatory  hormone  consisting  of  three  amino  acids)  results  In  a  significant  rise 
In  thyrotropin  and  prolactin  within  30  minutes  (30).  Insulin  (H.W.  •  6000)  Is 
readily  absorbed  via  the  Intranasal  route  following  administration  of  an  Insulin- 
bile  salt  aerosol  (31).  The  nasal  absorption  of  Insulin  Is  more  similar  to 
Intravenous  administration  than  subcutaneous  or  Intramuscular  (31).  Preliminary 
studies  Indicate  that  Intratracheal  exposure  to  snake  venom  neurotoxins  (M.W.  - 
9,000  -  40,000)  results  In  toxicity.  (32). 


We  have  established  that  the  In  vitro  system  we  are  using  Is  a  good 
approximation  of  in  vivo  percutaneous  absorption  for  [^C]benzoic  acid  (which 
rapidly  penetrates  skin)  and  [^CJurea  (which  is  a  slower  penetrant).  This  was 
accomplished  by  measuring  the  penetration  of  [^C]  benzoic  acid  and  [^C]urea 
through  excised  human  skin,  and  comparing  our  results  with  the  results  of  in  vivo 
absorption  studies  done  In  human  with  these  compounds  (21).  In  addition,  we  have 
shown  that  this  same  in  vitro  diffusion  system  provides  a  good  approximation  of 
in  vivo  skin  absorption  of  [^H]T-2  toxin  (33). 

3 ,  RATIONAL  USED  IN  CURRENT  STUDY 

The  purpose  of  these  studies  is  to  determine  t%e  extent  which  these  toxins 
penetrate  through  human  skin.  Humans  are  the  species  of  interest  but  because  of 
the  extreme  toxicity  of  these  compounds,  it  is  not  feasible  to  measure  their 
cutaneous  absorption  in  human  subjects.  Consequently,  penetration  though  excised 
human  skin  is  being  evaluated.  In  order  to  determine  the  relevance  of  the  in 
vitro  percutaneous  penetration  rates  to  in  vivo  absorption,  we  plan  to  compare  ia 
vftro  and  in  vivo  cutaneous  penetration  of  the  low  M.W.  toxins  in  guinea  pigs  or 
rats. 

4.  EXPERIMENTAL  METHODS 

Source  of  Toxins.  Microcystin  (LR  form),  In  the  powdered  form,  was 
generously  supplied  by  Dr.  O.G.  Pace,  U.S.  Army,  Frederick,  MD.  Microcystin  was 
dissolved  in  methanol :water  (10:90)  and  stored  at-20*C.  Microcystin  (LA  form) 
was  generously  supplied  by  Dr.  H.W.  Siegelman,  Brookhaven  National  Laboratory, 
Upton,  New  York.  The  LA  form  was  shipped  dissolved  In  ammonium  acetate  and 
methanol,  and  was  stored  at  -20*C.  Brevetoxln  (PbTx-2)  was  supplied  by  Dr.  Mark 
PoTI  (U.S.  Army,  Frederick,  MD) ,  It  was  dissolved  in  100%  methanol  and  stored  at 


35SS555S15^S5S55S^£ S5SS5SS5S5S 


6 

-20*C.  [3H]PbTx-3  (purchased  froa  Dr.  D.  Baden,  University  of  Miami,  Miami,  FI) 
was  dissolved  in  ssethanol  and  is  currently  being  stored  under  nitrogen  at  -20*C. 
Lyngbyatoxin  A  (Teleocldin  A)  was  generously  supplied  (in  the  powdered  form)  by 
Dr.  Hlrota  Fujiki ,  Tokyo,  Japan.  It  was  dissolved  In  DMSO  and  stored  at  -20*C. 
[3H]saxitoxino1  was  generously  supplied  by  Dr.  J.G.  Pace,  U.S.  Army,  Frederick, 
MD.  The  [3H]saxitoxinol  had  a  specific  activity  of  17.33  Cl/mmol.  It  was 
dissolved  in  methanol  and  stored  at  -20*C.  Saxitoxin  was  generously  supplied  by 
Dr.  S.  Hall,  FDA,  Washington,  D.C. 

Analytical  jfeilada 

Hicrocvstin  (LR  form).  Purity  of  microcystin  was  determined  by  high 
performance  liquid  chromatography  (HPLC)  which  was  performed  with  a  Waters  system 
on  a  Waters  uBondapak  C18  reverse  phase  column  (2mm  x  30  cm).  Eluent  was 
ammonium  acetate:  acetonitrile  (750:250,  v/v)  and  flow  rate  was  0.5  ml/aln. 
Absorbance  was  monitored  at  240  nm,  pressure  was  2000  PSI.  Initially  0.01  M 
ammonium  acetate  was  used  and  pH  was  adjusted  to  6.0.  Retention  time  (Rj)  for 
microcystin  ranged  form  6-9  minutes.  The  HPLC  conditions  were  later  modified  to 
0.1  M  ammonium  acetate  and  pH  averaged  5.1  (it  was  not  critical  and  varied  from 
pH  4-6).  With  this  latter  mobile  phase,  the  stock  solution  of  microcystin  was 
determined  to  contain  91%  microcystin  (Rj  -13  -  15  min),  a  contaminant  which  had 
a  Rj  of  11  min  (3%),  and  another  contaminant  which  had  a  Rj  of  16  rain  (6%)  (see 
figure  1).  The  HPLC  was  calibrated  to  determine  linear  relationship  between 
amount  (ug)  of  microcystin  Injected  on  HPLC  and  amount  (area  under  curve,  AUC) 
measured  by  HPLC.  Amount  Injected  was  0.05  ug  to  5.0  ug  of  microcystin  In  10  ul 
of  methanol.  Result  was  linear  relationship  between  amount  Injected  and  area 
under  the  curve  (correlation  coefficient  •  0.987).  The  lowest  limit  of 
sensitivity  was  0.01  ug.  External  standard  quantitation  was  used  to  calibrate 
Integrator.  Amount  Injected  was  0.45  ug  to  4.5  ug  of  microcystin  and  phosphate 
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buffered  saline  (PBSA)  was  the  vehicle.  The  volume  of  each  Injection  was  10  ul. 
Linear  relationship  was  obtained  between  amount  Injected  (ug)  and  concentration 
calculated  by  Integrator  (ug)  (correlation  coefficient  -  0.999).  Same  amounts  of 
mlcrocystln  were  Injected  with  methanol  or  dimethyl  sulfoxide  (DMSO)  as  the 
vehicle  and  calibration  ct.rve  was  accurate  with  these  vehicles  also. 

Mlcrocystln  peak  was  verified  by  using  a  bioassay  method.  Mlcrocystln  peak 
was  collected  from  HPLC  eluate  with  a  Retriever  II  (ISCO)  fraction  collector.  It 
was  evaporated  to  dryness  under  gentle  nitrogen  stream  and  dissolved  In  saline. 
An  aliquot  was  Injected  onto  HPLC  to  determine  recovery  of  mlcrocystln  originally 
Injected  on  HPLC.  Approximately  50%  of  mlcrocystln  originally  Injected  on  HPLC 
was  recovered  In  saline  preparation.  Chromatogram  of  saline  preparation  showed 
single  peak,  no  contaminants  were  present.  For  control  group,  methanol  was 
Injected  Into  HPLC,  fraction  was  collected  at  the  same  Rj  as  that  of  mlcrocystln. 
The  eluate  was  evaporated  to  dryness  under  gentle  nitrogen  stream  and  was 
dissolved  In  saline.  Female  ICR  mice  were  divided  Into  4  groups  to  determine 
LD50  of  mlcrocystln  in  eluate.  Each  group  contained  4  mice  which  were  dosed 
Intraperl toneally  (IP).  Group  A  was  control,  group  B  received  20  ug/kg 
mlcrocystln,  group  C  received  40  ug/kg  mlcrocystln,  and  group  D  received  100 
ug/kg  mlcrocystln.  No  effects  were  observed  In  the  control  group.  Dose  of  40 
ug/kg  killed  50%  of  mice  within  24  hr.  Dose  of  100  ug/kg  killed  ail  the  mice 
within  3  hr  (Table  1). 

A  method  was  developed  to  prepare  samples  which  contain  mlcrocystln.  The 
method  Involves  using  solid  phase  extraction  (SPE)  columns  to  remove  impurities 
and  concentrate  receptor  fluid  samples  to  be  injected  on  the  HPLC.  PBSA  Is  the 
receptor  fluid  which  will  bathe  the  dermal  surface  of  the  excised  skin  during  ju 
vitro  penetration  experiments.  The  method  used  was  as  follows: 

-  10  aliquots  of  PBSA  (volume  of  each  was  2.5  ml)  were  spiked  with  7.0  ug  of 
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mlcrocystln  by  adding  10  ul  of  stock  solution  (0.7  ug  of  »icrocystin/ul 
10%  methanol) 

-  Cjq  SPE  columns  (J.T.  Baker)  of  3  ml  capacity  were  primed  with  5  ml  of 
methanol  followed  by  2.5  ml  PBSA 

-  P8S\  sample  was  pipetted  onto  column  and  was  aspirated  (using  vacuum  pump) 
until  column  was  dry 

-  1  ml  of  water  was  aspirated  (to  wash  off  the  Impurities) 

-  1  ml  methanol  was  aspirated,  the  eluate  was  dried  down  under  nitrogen 
stream,  dissolved  In  100  ul  methanol,  was  Injected  (In  duplicate)  on  KPLC 
to  determine  recovery. 

-  3-4  samples  were  prepared  on  each  column  to  determine  If  each  column  can 
be  used  more  than  once. 

Results  Indicate  that  the  recovery  of  mlcrocystln  (from  PBSA  samples  eluted  on 
SPE  columns)  increased  with  each  sample  which  was  run  on  a  single  SPE  column. 
The  mean  recovery  (±  S.O.)  was  88  ±  19%.  In  an  attempt  to  decrease  variability 
and  Increase  recovery,  sample  preparation  was  modified.  Now  we  use  a  single 
column  for  each  sample.  Column  used  Is  J.T.  Baker  with  3  ml  capacity  or  Bond 
elut  with  3  ml  capacity. 

Brevetoxin.  Purity  of  brevetoxln  (PbTx-2)  was  determined  on  a  Waters  HPLC. 
Waters  uBondapak  Cjg  reverse  phase  column  was  used,  mobile  phase  was  85% 
methanol:  15%  water,  with  a  flow  rate  of  0.5  ml/mln.  Absorbance  was  monitored  at 
215  nm.  Chromatogram  showed  Rj  of  Pb7x-2  to  be  5.718  min  and  the  purity  was 
greater  than  98%  (see  fig.  2).  To  determine  sensitivity  of  HPLC  system  5  ul 
aliquots  of  dilutions  of  PbTx-2  in  methanol  were  Injected.  Result  was  linear 
relationship  (correlation  coefficient  -  0.999)  between  amount  (ug)  of  PbTx-2 
Injected  and  area  under  peaks  within  the  range  of  0.025  ug  and  2.5  ug.  Rj  for 
PbTx-2  varied  from  5.09  min  to  5.72  min.  Integrator  was  calibrated  using  Two- 
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Point  External  Standard  Quantitation.  Aliquots  (5  ul)  of  dilutions  of  PbTx-2  In 
P8SA  (0.25  ug,  0.5  ug,  1.0  ug,  2.5  ug)  were  Injected.  Result  was  linear 
relationship  between  amount  (ug)  PbTx-2  injected  and  concentration  (ug) 
calculated  by  Integrator  (correlation  coefficient  -  0.986).  The  accuracy  of  the 
calibrated  Integrator  was  determined  for  when  methanol  or  DMSQ  was  the  vehicle 
for  PbTx-2.  Aliquots  of  PbTx-2  (dissolved  In  either  methanol  or  DMSO)  were 
Injected.  Result  was  linear  relationship  between  amount  injected  (0.25  ug  to  1.0 
ug)  and  concentration  (ug)  calculated  by  the  integrator  when  methanol  or  DMSO  was 
the  vehicle. 

The  HPLC  peak  (Rj  5-6  min)  for  PbTx-2  was  verified  by  using  a  bioassay. 
PbTx-2  peak  was  collected  from  HPLC  eluate  with  a  fraction  collector  (for  details 
see  method  described  above  for  mlcrocystln) .  For  control  group,  methanol  was 
Injected  onto  HPLC,  eluate  fraction  (Rj  -  5-6  min)  was  collected,  evaporated  to 
dryness  and  dissolved  In  76  ul  of  saline.  Female  ICR  mice  (2  per  group)  were 
dosed  with  IP  Injection  of  control  preparation  or  PbTx-2  (200  ug/kg).  Dose  of 
PbTx-2  was  dissolved  In  76  ul  of  saline.  No  effects  were  observed  In  control 
group.  The  treated  mice  were  depressed,  not  eating  or  drinking  and  had  Increased 
urination.  After  24  hr  one  treated  mouse  died,  while  the  surviving  mouse 
appeared  to  have  fully  recovered.  It  was  concluded  that  the  HPLC  peak,  with  a  Rj 
of  5  to  6  min,  was  PbTx-2. 

The  purity  of  [3H]PbTx-3  was  determined  with  the  same  chromatographic 
conditions  as  described  for  PbTx-2  (see  above).  Radioactivity  In  the  HPLC  eluate 
was  monitored  with  a  radioactive  flow  detector  (FL0-0NE,  Radlomatlc  Instruments 
and  Chemical  Co,  Inc,  Tampa,  FL).  Scintillation  counting  solution  used  was  FL0- 
SCINT  II  (Radlomatic  Inc)  and  flow  rate  of  counting  solution  was  1.5  ml/min.  The 
stock  solution  of  [3H]PbTx-3  contained  85%  [3H]PbTx-3  (Rj  -  6.1  min)  and  15% 
contaminant  (Rj  -  3.7  min)  (see  Fig.  3).  The  [3H]PbTx-3  sent  by  Dr.  Baden  had 


contained  93%  [3H]PbTx-3.  The  rapid  break  down  occurred  because  It  had  not  been 
stored  under  nitrogen.  One  penetration  experiment  was  done  with  the  contaminated 
[3H]PbTx-2  (see  below)  and  the  results  Indicated  the  contaminant  penetrated 
excised  skin  faster  than  the  [3H3PbTx-3.  Consequently,  we  found  it  necessary  to 
use  the  HPLC  to  purify  the  [3H] PbTx-3 .  The  stock  solution  of  [3H]PbTx-3  Is  now 
98%  pure  and  is  dissolved  In  methanol  and  stored  under  nitrogen  at  *20*C. 

A  sensitive  and  efficient  method  was  developed  for  recovering  small  amounts 
of  [3H]PbTx-3  in  receptor  fluid.  The  method  Is  as  follows: 

-  SPE  column  used:  3  ml  Reverse  phase  C18. 

-  Spiked  5  vials  (each  containing  2.5  ml  of  PBSA)  with  5  ul  of  [H3]PbTx-3 
(49,976  DPM). 

-  Prime  column  with  5-6  ml  of  methanol. 

-  Aspirate  3  ml  of  P8SA. 

-  Apply  sample  to  column,  aspirate. 

-  Wash  column  with  2  ml  of  HPLC  grade  water. 

-  Elute  with  2  ml  of  methanol,  dry  down  eluate  under  gentle  stream  of 
nitrogen  and  low  heat. 

-  Reconstitute  with  200  ul  of  methanol,  count  50  ul  from  each  eluate  on 
liquid  scintillation  counter. 

Results  Indicated  that  the  mean  (t  S.D.)  recovery  of  [3H]PbTx-3  was  90  ±  14% 
(expressed  as  percent  of  amount  spiked  In  2.5  ml  PBSA). 

Lvngbvatoxln  A.  The  purity  of  lyngbyatoxln  A  (teleocidin  A)  was  determined 
with  a  Waters  HPLC.  A  Cjs  normal  phase  column  (Parti si 1  5,  Whatman)  was  used  and 
eluent  was  hexane: chloroform: Isopropanol  (85:10:5,  v/v),  flow  rate  was  0.5 
ml/min.  Absorbance  was  monitored  at  254  nm.  Fig  4  shows  a  sample  chromatogram. 
The  stock  solution  was  found  to  contain  98%  lyngbyatoxin  A  and  Rj  was  9.547  min. 
To  determine  the  lowest  licit  of  HPLC  sensitivity,  various  dilutions  of 


lyngbyatoxin  A  were  made  and  aliquots  of  5  ul  were  Injected  on  HPLC.  lowest 
limit  of  sensitivity  was  concluded  to  be  0.01  ug  using  above  mentioned  column 
conditions.  The  integrator  (Waters  740  Data  Module)  was  calibrated  by  using 
External  Standard  Quantitation  (two  point  calibration).  Aliquots  of  lyngbyatoxin 
A  (0.01  ug  to  0.5  ug)  In  chloroform  were  injected  on  HPLC.  A  linear  relationship 
between  amount  Injected  (ug)  and  concentration  calculated  by  Integrator  (ug)  was 
obtained  (correlation  coefficient  -  0.999). 

An  effort  was  made  to  develop  a  sensitive  and  consistent  method  for 
measuring  small  amounts  of  lyngbyatoxin  A  in  2.5  ol  volumes  of  P8SA  (receptor 
|  fluid  used  In  in  vitro  penetration  experiments).  The  following  method  was  used: 

-  Spike  5  vials  (each  containing  2.5  ml  of  PBSA)  with  1  ug  of  lynbyatoxln  A 

l 

|  -  Prime  normal  phase  SPE  columns  with  3-5  ml  of  hexane. 

-  Apply  sample  to  the  column,  aspirate, 

j  -  Wash  with  hexane. 

j  -  Collect  analyte  b y  rinsing  with  2  ml  of  chloroform. 

|  -  Dry  down  chloroform  eluate,  reconstitute  with  100  ul  methanol.  Inject  10 

;  ul  aliquots  on  HPLC. 

I  Results  Indicated  that  the  mean  (±  S.D.)  recovery  of  lyngbyatoxin  A  was  39  ±  34  % 

(expressed  as  percent  of  amount  spiked  In  2.5  ml  PBSA).  We  plan  to  modify  this 

! 

\  method  in  order  to  increase  recovery  and  reproducibility  for  measurement  of 

j  lyngbyatoxin  A. 

It 

Saxitoxin.  We  plan  to  use  thin  layer  chromatography  (TLC)  and  HPLC  to 
determine  the  purity  of  the  [3H]sax1tox1nol .  Since  [3H]sax1tox1nol  has  chemical 

{  characteristics  similar  to  saxitoxin,  published  analytical  methods  for  saxitoxin 

* 

will  be  used  (35,36).  Saxitoxin  will  be  used  as  a  reference  standard  for  [3H] 
saxltoxlnol  because  unlabeled  saxltoxlnol  Is  not  available.  The  relative 
mobility  (Rp)  of  saxitoxin  Is  less  than  the  Rp  of  (3H]saxitox1nol  (F.  Chu, 
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personal  ccmmimicutlon) .  The  method  for  TIC  Involves  spotting  silica  gel  60  TLC 
plates,  developing  the  spotted  plates  in  pyr1dine:ethyl  acetateracetlc  ac1d:water 
(15:5:3:4)  for  3  hr.  Saxltoxln  will  be  visualized  by  spraying  plate  with  1% 
hydrogen  peroxide,  heating  plate  for  15  min  at  120*C  and  checking  fluorescence  of 
spot  at  365  nm.  The  [3H]sax1toxinol  will  be  measured  with  a  Dloscan 
radiochromatogram  scanner  (Washington,  D.C.).  The  HPLC  methods  involve  an 
analytical  cyano  column  (4.6  x  150  nm,  Altex/8eckman).  The  mobile  phase  will  be 
10  mM  NH4H2PC2: methanol  (SO : 40)  with  a  flow  rate  of  1.0  ml/snln.  Absorbance  will 
be  monitored  at  220  or  240  nm.  The  Rj  for  saxltoxln  was  reported  to  be  6.0  min 
(36).  This  method  was  reported  to  be  sensitive  to  less  than  2.9  ug  saxltoxln. 
The  TLC  and  HPLC  methods  described  above  will  also  be  used  to  measure 
[3H]sax1toxinol  (and  metabolites)  In  samples  from  the  percutaneous  penetration 
experiments. 

In  vitro  skin  figOfitodLlfllLBeifeadS 

Hlcrocvstln.  The  In  vitro  skin  penetration  by  microcystin  was  evaluated  In 
mouse,  human  and  qulnea  pig  skin.  Skin  was  obtained  from  13  ICR  mice  weighing  30 
i  2  gm  (x  ±  S.O.)  and  from  2  guinea  pigs  weighing  541  *  12  gm.  Mice  and  guinea 
pigs  were  killed  using  CO2  and  ventral  surface  was  carefully  shaved  before 
excising  the  skin.  Whole  thickness  skin  discs  were  prepared.  Human  abdominal 
skin  was  obtained  from  autopsies  (performed  within  24  hr  of  death)  of  3  males 
(ages  47-79  yr).  Subcutaneous  fat  was  removed  and  split  thickness  skin  was 
prepared  with  a  dermatome  (thickness  was  500  urn).  Excised  skin  discs  were 
mounted  on  static  teflon  diffusion  cells  (figure  5).  Dermal  side  of  skin  discs 
was  bathed  with  PBSA  (34)  and  epidermal  surface  was  exposed  to  ambient  conditions 
In  environmental  chamber  for  48  hr.  Mean  temperature  and  relative  humidity 
during  experiments  was  30*C  and  36*  (n  -  15),  respectively.  Each  experiment  was 
repeated  at  least  2  times.  At  time  zero,  each  epidermal  surface  was  dosed  with 


25  ul  DHSO  or  100  ug  alcrocystln  dissolved  In  25  ul  DMSO.  The  large  dose  (100  ug 
alcrocystln)  was  used  In  order  to  facilitate  HPLC  measurement  of  alcrocystln  In 
receptor  fluid  samples.  At  the  end  of  each  experiment  each  skin  disc  was 
homogenized  with  a  Brinkman  Polytron  ultrasonic  homogenizer  (Switzerland)  and 
extracted  with  methanol  In  order  to  determine  the  percentage  of  dose  recovered. 
Microcystln  and  Its  metabolites  In  the  skin  extracts  and  receptor  fluid  were 
determined  by  HPLC.  Receptor  fluid  samples  were  prepared  with  SPE  columns  before 
Injecting  Into  HPLC  (method  described  above). 

Stability  of  mlcrocystin  in  receptor  fluid  (PBSA)  was  evaluated  by  mounting 
teflon  discs,  Instead  of  skin,  on  7  diffusion  cells.  Receptor  fluid  was  dosed 
with  100  ug  microcystln  In  25  ul  DMSO  and  Incubated  at  36*C  for  48  hr.  The 
stability  of  microcystln  In  DHSO  was  determined  by  dissolving  microcystln  in  DMSO 
and  measuring  purity  after  Incubation. 

The  effect  of  dose  on  In  vitro  penetration  of  microcystln  through  excised 
guinea  pig  skin  was  determined.  Lower  doses  were  used  to  be  closer  to  the  lethal 
dose  for  microcystln  (LD50  -  4  ug/kg  in  mice,  IP).  Doses  used  were  8.5  ug/skin 
disc  and  17  ug/skin  disc.  Vehicle  was  DHSO.  Methods  were  same  as  described 
above. 

We  are  currently  determining  the  effect  of  vehicle  on  In  vitro  penetration 
of  microcystln  through  human  and  guinea  pig  skin.  The  vehicles  being  studied  are 
DHSO,  methanol  and  water.  The  penetration  of  toxins  through  skin  Is  assessed  by 
measuring  the  accumulation  of  the  toxin  In  the  receptor  fluid  bathing  the  dermal 
side  of  the  excised  skin.  The  low  solubility  of  microcystln  (a  highly  lipophilic 
compound)  In  PBSA  could  Inhibit  diffusion  of  microcystln  Into  the  receptor  fluid. 
Thus,  microcystln  might  penetrate  Into  the  skin  disc  but  not  Into  the  receptor 
fluid.  This  could  result  In  artificially  slow  rate  of  penetration  of  microcystln 
through  excised  skin.  This  Is  not  a  problem  when  DHSO  Is  the  vehicle  because 
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DHSO  readily  penetrates  skin  and  acts  as  a  strong  solubilizing  agent  In  the 
receptor  fluid.  However,  when  a  small  volume  of  methanol  is  the  vehicle  the 
methanol  rapidly  evaporates.  Therefore  the  methanol  does  not  penetrate  the  skin 
and  does  not  act  as  a  solubilizing  agent,  in  the  receptor  fluid.  It  has  been 
shown  that  lipophilic  receptor  fluids  can  enhance  the  In  vitro  cutaneous 
absorption  of  lipophilic  compounds  so  that  there  is  improved  correlation  between 
In  vitro  and  in  vivo  cutaneous  absorption  rates  (38).  The  effect  of  receptor 
fluid  on  skin  penetration  by  mlcrocystin  is  being  studied.  The  receptor  fluids 
which  are  being  compared  are:  (i)  PBSA  and  (il)  50%  aqueous  methanol.  Excised 
human  skin  was  dosed  with  100  ug  microcystin  dissolved  In  25  ul  methanol.  The 
stability  of  microcystin  in  each  receptor  fluid  was  evaluated  by  dosing  receptor 
fluid  (PBSA  or  50%  aqueous  methanol;  bathing  teflon  discs  v.ith  100  ug  microcystin 
dissolved  In  25  ul  methanol.  Cells  were  incubated  In  environment'.!  chamber,  for 
48  hr,  under  ambient  conditions  of  temperature  (36*C)  and  relative  humidity 
(36%).  Other  experimental  methods  were  same  as  described  above. 

Brevetoxin.  The  in  vitro  penetration  of  [3H]PbTx-3  through  guinea  pig  skin 
was  evaluated.  Four  discs  of  skin  were  excised  from  o^e  guinea  pig  and  mounted 
on  static  teflon  diffusior.  cells.  Teflon  discs  were  mounted  on  two  diffusion 
cells.  The  receptor  fluid  (PBSA)  bathing  the  teflon  discs  was  dosed  with  0.9  ug 
[3H]PbTx-3  in  106  ul  HMS0.  The  epidermal  surface  of  each  guinea  pig  skin  disc 
was  dosed  wit.h  0.9  ug  [3H] PbTx-3  in  106  ul  DMS0.  The  diffusion  cells  were 
incubated  in  an  environmental  chamber  (37*C,  11%  relative  humidity)  for  48  hr. 
The  epidermal  surfaces  were  non-occluded.  The  receptor  fluid  was  sampled  (50ul) 
at  Intervals  of  less  then  10  hr,  and  the  radioactivity  in  each  sample  analyzed 
with  a  Packard  liquid  scintillation  counter.  Ir.  addition,  samples  (25  or  50  ul ) 
were  removed  from  the  recepto**  fluid  after  24  and  48  hr  of  incubation^  and  the 
radiochemical  composition  of  the  samples  was  analyzed  with  the  HPIC/FLO-ONE.  At 
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the  end  of  the  experiment  each  disc  of  excised  guinea  pig  skin  was  extracted 
twice  with  10  ml  methanol.  In  order  to  determine  If  It  was  necessary  to 
homogenize  the  skin  discs  for  efficient  extraction,  two  of  the  skin  discs  were 
homogenized  during  extraction  and  two  were  intact.  The  radioactivity  and 
radiochemical  composition  of  the  .Ain  extracts  was  determined. 

5.  Results  and  Discussion 

Hlcrocvstin.  The  relative  amount  of  mlcrocystin  which  penetrated  through 
excised  skin  was  guinea  pig  <human  <mouse  during  43  hr  (Table  2).  For  each 
species  the  total  penetration  after  48  hr  was  less  than  5%  of  the  applied  dose. 
The  mean  total  recovery  of  the  applied  dose  at  the  end  of  the  experiment  was  64% 
for  the  guinea  pigs  and  greater  than  85%  for  the  meuse  and  human  group.  We  are 
currently  trying  to  increase  total  recovery  by  extracting  skin  with  acetonitrile 
(instead  of  methanol)  at  the  end  of  the  experiments.  The  results  of 
chromatographic  analysis  of  receptor  fluid  Is  shown  in  Table  3.  The  stock 
solution  of  microcystln  contained  contaminants  which  had  Rj  of  11,12  and  16  min. 
Microcystin  was  stable  In  DMSO  and  PBSA  receptor  fluid  (for  48  hr)  since  the 
relative  proportion  of  the  contaminants  remained  constant  in  these  groups. 
Analysis  of  receptor  fluid  (which  had  bathed  the  dermal  surfaces  of  the  excised 
skin  discs  dosed  with  microcystin)  indicated  a  larger  proportion  of  the 
contaminants  and  several  new  peaks  (Rj  -  9.5  min,  18.0  min,  and  20.0  min).  The 
larger  proportion  of  contaminants  In  the  receptor  fluid  indicate  that  the 
contaminants  penetrate  the  skin  faster  than  microcystin  or  that  the  skin 
increases  the  conversion  (or  metabolism)  of  microcystin  into  these  other 
compounds.  The  presence  of  new  peaks  in  the  receDtor  fluid  bathing  the  skin  (but 
not  In  receptor  fluid  bathing  t.eflon  discs)  suggests  the  skin  is  metabolizing  the 
microcystin.  These  new  peaks  are  not  due  to  structural  components  of  the  skin 
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diffusing  into  the  receptor  fluid  because  these  peaks  were  not  present  in 
receptor  fluid  bathing  skin  dosed  only  with  DMSO  (see  Figs.  6,7  and  8). 

The  effect  of  vehicle  (methanol)  on  the  penetration  of  microcystin  through 
excised  human  skin  is  shown  In  Table  4.  We  plan  to  discard  these  results  because 
of  the  poor  recovery  (17%  -  87%)  of  the  applied  dose  at  the  end  of  the 
experiments.  Subsequent  to  this  experiment,  we  determined  the  reason  for  poor 
recovery  (malfunctioning  of  demonstration  model  of  auto  injector  on  HPLC)  and  we 
are  currently  repeating  this  experiment. 

The  effect  of  size  of  dose  on  the  penetration  of  microcystin  through  excised 
guinea  pig  skin  is  shown  in  Table  5.  As  the  dose  decreased  (from  100  ug  to  8.5 
ug)  there  was  a  consistent  Increase  in  the  percent  of  the  dose  which  penetrated 
the  skin.  This  Is  consistent  with  the  finding  that  as  the  dermal  dose  of 
diacetoxyscirpenol  (DAS)  was  decreased,  there  was  an  increase  in  the  percent  of 
dose  which  penetrated  excised  guinea  pig  skin  (37).  However,  DAS  penetrated 
excised  guinea  pig  skin  approximately  10  times  faster  than  microcystin  (37). 
Comparison  of  the  penetration  of  DAS  and  microcystin  through  excised  guinea  pig 
skin  must  be  done  cautiously  because  of  differences  In  the  jn  vitro  methods.  In 
the  DAS  experiment  the  dose  was  1.1  ug  DAS  dissolved  in  100  ul  DMSO  and  the 
diffusion  cells  were  incubated  at  room  temperature  (23*C)  for  48  hr.  In  the 
microcystin  experiment  the  dose  was  8.5  ug  microcystin  in  10  ul  DMSO  and  the 
diffusion  cells  were  incubated  in  an  environmental  chamber  (36*C)  for  48  hr. 

The  total  penetration  of  microcystin  through  excised  human  skin  was  2.35 
(expressed  as  percentage  of  dose)  during  48  hr  of  exposure.  This  value  can  not 
be  compared  to  literature  values  for  cutaneous  penetration  of  microcystin  because 
there  are  no  published  reports  on  cutaneous  penetration  of  microcystin.  The 
penetration  of  microcystin  through  excised  human  skin  Is  generally  small  when 
compared  to  other  compounds  in  the  presence  of  DMSO.  The  total  penetration  of 
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T-2  toxin  and  verrucarin  A  through  excised  human  skin  (during  48  hr  of  exposure 
was  29.2  and  10.3  (expressed  as  percent  of  dose),  when  DMSO  was  the  vehicle  (37). 
The  penetration  of  hydrocortlsone-4-C^  and  hexopyrronium-methyl-C**  through 
excised  human  skin  was  15.1  and  21.6  (expressed  as  percent  dose  penetrating  per 
24  hr)  when  DMSO  was  the  vehicle  (39).  The  In  vivo  cutaneous  absorption  of 
testosterone  prop1onate-^4C  in  humans  was  34  (expressed  as  percent  dose 
penetrated  per  24  hr)  when  the  vehicle  was  90%  alcoholic  DMSO  (40). 

Brevetoxin.  Table  6  shows  the  results  of  the  radiochromatographic  analysis 
of  receptor  fluid  and  skin  extracts.  There  was  some  decomposition  of  [2H]PbTx-3 
In  the  PBSA  receptor  fluid  since  85%  of  the  radioactivity  In  the  dose  was 
associated  with  PbTx-3  and  only  75%  of  the  radioactivity  In  the  receptor  fluid 
bathing  the  teflon  disc  was  associated  with  PbTx-3.  The  contaminant  (Rj-3.5  min) 
present  In  the  stock  solution  penetrated  the  skin  faster  than  the  PbTx-3.  This 
Is  evidenced  by  the  higher  percent  of  the  contaminant  in  the  receptor  fluid  (31% 
at  24  hr,  36%  at  48  hr)  than  in  the  skin  extract  (11%).  Fig  9  and  10  show 
radiochromatograms  of  the  receptor  fluid  bathing  the  excised  guinea  pig  skin  and 
an  extract  of  the  guinea  pig  skin,  respectively.  Because  of  the  large  proportion 
of  contaminant,  it  was  necessary  to  adjust  the  penetration  data  so  that  it 
represented  ng  of  [^H]PbTx-3.  The  penetration  of  [^H]PbTx-3  through  excised 
guinea  pig  skin  was  12%  of  the  dose  after  24  hr  and  was  still  12%  of  the  dose 
after  48  hr  (Table  7).  This  indicates  that  the  diffusion  of  [^H]PbTx-3  through 
the  skin  reaches  equilibrium  by  24  hr.  At  the  end  of  the  experiment  94%  of  the 
applied  dose  was  recovered. 
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These  preliminary  findings  Indicate  that  both  mlcrocystln  and  brevetoxin 
(PbTx-3)  penetrate  excised  skin.  Mlcrocystln  appears  to  be  metabolized  by 
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excised  skin.  In  vitro  cutaneous  metabolism  of  brevetoxln  is  minimal.  Studies 
are  currently  being  done  to  determine  the  effect  of  vehicle  (DMSO,  methanol,  and 
water)  on  the  penetration  of  mlcrocystin  and  [^H]PbTx-3  through  excised  human  and 
guinea  pig  skin. 


19 


i 

Literature  Cited 

(1)  Carmichael,  W.W.,  Jones,  C.L.A.,  Mahmood,  N.A.  and  Thelss,  W.C.  (1985). 
Algal  toxins  and  water-based  diseases.  CRC  Reviews  In  Environmental 

.  Control,  15:275-313. 

(2)  Schwluher,  D.  and  Schwlramer,  H.  (1964)  Algae  and  medicine.  Pp.  368-412  In 
D.F.  Jackson,  ed.  Algae  and  Han.  Plenum  Press,  New  York. 

t,  ■"  '-'I'. 

(3)  Carmichael,  K.W.  (1981).  The  Water  Environment:  Algal  Toxins  and  Health. 
Plenum  Press,  New  York,  pp.  491. 

(4)  Skulberg,  O.M.,  Codd,  G.A.  and  Carmichael,  W.W.  (1984).  Toxic  blue  green 
algal  blooms  In  Europe,  a  growing  problem.  Aablo.  11:244. 

(5)  Huangt  J.M.C.,  Wu,  C.H.,  and  Baden,  D.G.  (1984).  Depolarizing  action  of  a 
red-tide  dlnoflagellate  brevetoxln  on  axonal  membranes.  J.  Pharmacol.  Exp. 
Ther.  21fl:417-421. 

(6)  Baden,  O.G.,  Hende,  T.J.,  Blchazl,  G.  and  Leung,  I.  (1982). 

Bronchoconstrlctlon  caused  by  Florida  red-tide  toxins.  Toxlcon  £fl:929-932. 

(7)  Drledger,  P.t.  and  Blumberg,  P.H.  (1980)  Specific  binding  of  phorbol  e^ter 
tumor  promoters.  Proceedings  of  the  National  Academy  of. Sciences  of  the 

•  ynl-ted-ltates  of  America  22:567-571. 

(8)  Weinstein,  I.B.,  Mufson,  R.A.,  Lee,  L.,  Fisher,  P.B.,  Laskln,  J,  Horwltz, 

A. D.  and  Ivanovlc,  V.,  (1980)  Membrane  and  other  biochemical  effects  of  the 
phorbol  esters  and  their  relevance  to  tumor  promotion,  In:  B.  Pullman,  P.0. 
P.  Ts'O,  and  H.  Gelbcin  (eds),  Carcinogenesis:  Fundamental  Mechanisms  and 
Environmental  Effects,  pp.  543-563,  R.  Reidel  Publishing  Co.,  Amsterdam, 
Holland. 

(9)  Hecker,  E.  (1967)  Phorbol  esters  from  croton  oil  -  Chemical  nature  and 
biological  activities.  Naturwlssenschaften  54:282-284. 

(10)  Fuji ki ,  H.,  Suganuma,  M.,  Nakayasu,  M.,  Hoshino,  H.,  Moore,  R.E.,  and 
Suglmura,  T.  (1982).  The  third  class  of  new  tumor  promoters,  polyacetates 
(debromoaplysiatoxln  and  aplyslatoxln),  can  differentiate  biological  actions 
relevant  to  tumor  promoters.  Gann  21:495-497. 

(11)  Hashlmoto,  Y.,  Kamlya,  H.,  Yamazato,  K.  and  Nozawa,  K.  (1976)  Occurrence  of 

a  toxic  blue-green  alga  Inducing  skin  dermatitis  in  Okinawa.  In:  A. 

Ohsaka,  K.  Hayashl,  and  Y.  Sawai  (eds).  Animal.  Plant  and  Hicroblal  Toxins. 
Vol.  1,  pp.  333-338.  Plenum  Press,  New  York. 

(12)  Hoshino,  H.,  Mlwa,  M.,  Fuji  ki ,  H.,  Suglmura,  T.  (1980) .  Aggregation  of  human 
lymphoblastold  cells  by  tumor  promoting  phorbol  esters  and  dlhydroteleocidln 

B.  B.1  ashen..  B.1  QBhYSj ..Commyn . ,  25:842-848. 

(13)  «<ato,‘  Y.  and  Scheuer,  P.J.  (1974).  Aplyslatoxln  and  debromoaplysiatoxln, 
constituents  of  the  marine  mollusk  Stvlochellus  lonqlcauda.  J.  Am.  Chem. 
Sat..  25:2245-2246. 


20 


(14)  Nakayasu,  M.,  Fujlkl,  H.,  Mori,  H.,  Suglaura,  T.  and  Moore,  R.E.  (1981). 
Teleocldln,  lyngbyatoxin  A,  and  their  hydrogenated  derivatives,  possible 
tumor  promoters,  induce  terrains!  differentiation  In  HL-60  cells.  Cancer 
Lett.  I2jl271-277. 

(15)  Cardellina  II,  J.H.,  Earner,  F.-J.,  and  Moore,  R.E.  (1979).  Seaweed 

dematltls: Structure  of  lynbyatoxin  A.  Science.  204:193-195. 

(16)  Fujlkl,  H.,  Mori,  N.,  Nakayasu,  M.,  Terada,  K.,  and  Sugisura,  T.  (1975).  A 
possible  naturally  occurlng  tumor  promoter,  teleocldln  8  from  Stent. oravces . 
Blochem.  Blophvs.  Res.  Crtmun.  £3:976-983. 

(17)  Fujlkl,  H.,  Suglmura,  T.,  and  Moore,  R.E.  (1983).  New  classes  of 
environmental  tumor  promoters: Indole  alkaloids  and  polyacetates. 
Environmental  Health  Perspectives.  £3:85-90. 

(18)  Proctor,  N.H.,  Chan,  S.L.  and  Trevor,  A.J.  (1975)  Production  of  saxltoxln  by 
cultures  of  Gonvaulax  catenella.  Ml  CPU-  13:1-9- 

(19)  Bates,  H.A.,  Kostrlken,  R.  and  Rapoport,  H.  (1978).  The  occurrence  of 
saxltoxln  and  other  toxins  in  various  dlnoflagellates.  Toxlcon.  1£:595- 
601. 

(20)  Bates,  H.A.  and  Rapoport,  H.  (1975)  A  chemical  assay  for  saxltoxln.  J.  Aor. 
Eflod  Chemistry  23:237-239. 

(21)  Franz,  T.J.  (1975)  Percutaneous  absorption.  On  the  relevance  of  In  vitro 
data.  J. .  In/est.  PerrcatQl,  £1:190-195. 

(22)  Franz,  T.J.  (1978).  The  finite  dose  technique  as  a  valid  In  vitro  model  for 
the  study  of  percutaneous  absorption  in  man.  Curr.  Probl.  Dermatol.  2:58- 
68. 

(23)  Bronaugh,  R.L.,  Stewart,  R.T.,  Congdon,  E.R.  and  Giles,  A.L.  (1982). 
Methods  for  jn  vitro  percutaneous  absorption  studies  1.  Comparison  with  Jq 
YlYfl  results.  T?XK9l .  .Ml <  EiiarsaSflL  £2:474-480. 

(24)  Guramer,  C.L.  (1985)  Vehicles  as  penetration  enhancers.  In:  Percutaneous 
Absorption.  Bronaugh,  R.  and  Malbach,  H.  (Eds)  Marcel  Dekker,  New  York,  pp. 
561-570. 

(25)  Scheupleln,  R.J.  and  Bronaugh,  R.L.  (1983).  Percutaneous  absorption.  In: 

Biochemistry . and  .Physiology  of  the  Skin.  Goldsmith,  L.A.  (Ed)  Oxford 

University  Press,  pp.  1255-1295. 

(26)  Kllgman,  A.M.  (1964)  The  biology  of  the  stratum  corneum.  In:  The  Epidermis 
Montagna,  W.  and  Lobitz,  Jr.,  W.C.  (Eds).  Academic  Press,  New  York. 

(27)  Galey,  M.R.,  Lonsdale,  H.K.,  Nacht,  S.  (1976)  The  In  vitro  permeability  of 
skin  and  buccal  mucosa  to  selected  drugs  and  trltlated  water.  J.  Invest 
DfimsM  £2:713-717. 

(28)  Bloom,  W.  and  Fawcett,  D.W.  (1985)  A  Textbook  of  Histology  10th  Ed.  p.  599. 
M.B.  Saunders  Company,  Philadelphia. 


(29)  Beckett,  A.H.  and  Hossle,  R.D.  (1971)  Buccal  absorption  of  drugs.  In: 
Handbook  of  Experimental  Pharmacology,  Vol  XXVIII.  Brodie,  3.B.  and 
Gillette,  J.R.  (Eds.)  p.  25  Sprlnger-Verlag,  New  York. 

(30)  Schurr,  W.  and  Ziegler,  R.  '1983).  Buccal  absorption  of  protlrelln:  An 
effective  way  to  stimulate  thyrotropin  and  prolactin.  J.  Pharro.  Scl. 
1Z:  1481-1483. 

(31)  Hoses,  A.C.,  Gordon,  G.S.,  Carey,  H.C.,  and  Flier,  J.S.  (1983).  Insulin 
administered  Intranasally  as  an  Insulin-bile  salt  aerosol:  Effectiveness 
and  reproducibility  In  no  sal  and  diabetic  subjects.  Diabetes  22:1040- 
1047. 

(32)  Hlddlebrook.  J.  (1986).  Personal  Communications. 

(33)  Kemppalnen,  B.W.,  Pace,  J.G.,  and  Riley,  R.T.  (1987)  Comparison  of  in  vivo 
and  In  vitro  percutaneous  absorption  of  T-2  toxin  In  guinea  pigs.  Toxlcon 
25:1153-1162. 

(34)  Kemppalnen,  B.W.,  Riley,  R.T.,  and  Pace,  J.G.  (1984)  Penetration  of  [^H]T-2 
toxin  through  excised  human  and  guinea  pig  skin  during  exposure  to  [3H]T-2 
toxin  absorbed  to  corn  dust.  Fd.  Chem.  Toxic.  22:893-896. 

(35)  Hall,  S.,  Relchardt,  P.B.  and  Neve',  R.A.  (1980).  Toxins  extracted  from  an 

Alaskan  Isolate  of  PrgMqsmiJLUx  Sp.  2Z:64S- 

653. 

(36)  Mahmood,  N.A.  and  Carmichael,  W.W.  (1986)  Paralytic  shellfish  poisons 
produced  by  the  freshwater  cyanobacterium  Aohanlzomenon  fl os -aquae  NH-5. 
Toxlcon.  24:175-186. 

(37)  Kemppalnen,  B.W.,  Riley,  R.T.  and  Blles-Thurlow,  S.  (1987)  Comparison  of 
penetration  and  metabolism  of  [3H)d1acetoxsc1rpenol ,  [3H]verrucar1n  A  and 
[3H]T-2  toxin  In  skin.  Fd.  Chem.  Tox.  25:379-386. 

(38)  Bronaugh,  R.L,  and  Stewart,  R.F.  (1984).  Methods  for  jfl  vitro  percutaneous 
absorption  studies  III:  Hydrophobic  compounds.  J.  Pharm.  Scl.  21:1255-1258. 

(39)  Stoughton,  R.B.  and  Frltsch,  W.  (1964)  Influence  of  dimethyl  sulfoxide  (DHS0) 
on  human  percutaneous  absorption.  Archives  of  Dermatology  23:512-517. 

(40)  Kllgman,  A.M.  (1965)  Topical  pharmacology  and  toxicology  of 
dimethyl sulfoxIde-Part  1.  JAMA.  121:140-148. 


22 


Table  1.  Verify  that  HPLC  peak  (Rt  -  6  to  7  win)  Is  alcrocystin  by  determining 
lethality  of  peak  (collected  from  HPLC  eluate  with  fraction  collector)  in  mice. 


Microcystln 

Dose3 

(ug/kg) 

Lethality 

no.  of  alee  dead  (no.  of  mice  dosed) 

control b 

0  (4) 

20 

0  (4) 

40 

2  (4) 

100 

4  (4) 

aFemale  ICR  outbred  mice  [Hsd: (ICR)BR;  Harlan  Sprague  Dawley]  weighing  23  to  28 
gm,  were  dosed  IP. 

&Dose  for  control  group  was  prepared  by  Injecting  methanol  on  HPLC  and  eluate 
fraction  was  collected  which  had  the  same  Rj  as  alcrocystin.  Eluate  was 
evaporated  to  dryness  and  dissolved  in  saline. 
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Table  2.  In  vitro  penetration  of  topical  mlcrocystln  through  human,  mouse  and 
guinea  pig  skin3. 


_ Xof  Applied.  Microcystin  Recovered  After  48  hr _ 

Species 

(n) 

Receptor  Fluid0 

Skin  Extract0 

Total  Recovered 

Human 

(6) 

2.35  ±  1.03d 

86.7  t  16.7 

89.0  .t  16.9 

Mouse 

(9) 

4.45  ±  2.80 

80.4  ±  17.1 

85.0  ±  15.0 

Guinea  pig 
(2) 

1.51  ±  0.76 

58.4  i  6.8 

64.53  ±  12. 0e 

a100  ug  of  mlcrocystln  (LR  form)  dissolved  In  25  ul  DHSO  was  applied  to  epidermal 
surface  of  excised  skin  disc  and  Incubated  at  36*C  for  48  hr. 

bM1crocystin  In  receptor  fluid  represents  the  total  amount  of  mlcrocystln  which 
penetrated  the  excised  skin  during  the  48  hr  Incubation  period. 

cMicrocyst1n  in  the  skin  extract  represents  the  amount  of  mlcrocystln  remaining 
on  the  skin  surface  or  which  had  penetrated  Into  (but  not  through)  the  layers  of 
the  skin. 

^Values  expressed  as  mean  ±  standard  deviation. 

eLow  recovery  in  guinea  pig  group  could  be  due  to  poor  extraction  of  microcystin 
from  homogenized  skin  with  methanol.  This  experiment  will  be  repeated  and  skin 
will  be  extracted  with  acetonitrile. 
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^Expressed  as  relative  percent  peak  area 
bRj  -  Retention  Time  (min). 
cMean  ±  standard  deviation. 


Table  4.  In  vitro  penetration  of  topical  mlcrocystin  In  human  skin 
(vehicle:methanol). 


Receptor  %.of_Appl  led  Hicrocyst1n,..Recovered  .After. 3QF. 


fluid 

Barrier 

Receptor 

Skin 

Total 

fluid 

Extracts 

Recovery 

Telfon  disc 

87 . 2±9 . 3a 

87.219.3 

PBSA 

Human  skin 

3.9±0.1 

34.812.2 

38.6* 

Teflon  disc 

17±1.4 

~17lO’ 

PBSArMECH 

50:50 

Human  skin 

4 . 2±0 . 5 

40.010.8 

44.1* 

aMean  1  S.D. 

♦Low  recovery  of  dose  was  probably  due  to  malfunctioning  WISP  (auto  Injector  fcr 
Waters  HPLC).  This  experiment  will  be  repeated. 


Table  5.  Effect  of  size  of  dose  applied  on  penetration  of  mlcrocystln 
through  excised  guinea  pig  skina. 


%  Applied  Microcystln  Recovered  After  48  hr _ 

Dose 

(ug  mlcrocystln) 

n 

Receptor 

fluid 

Skin 

extracts 

Total 

recovery 

8.5 

4 

4.63i0.93b 

62.2517.1 

66.7518.8 

17 

4 

3.9510.94 

45.0  12.9 

49.5  13.3 

100 

8 

1.3110.67 

’•8.8317.7 

60.1318.0 

aD1$cs  of  excised  guinea  pig  skin  were  mounted  on  static  diffusion  cells.  The 
epidermal  surfaces  were  dosed  with  25  ul  DMSO  (controls)  or  mlcrocystln 
dissolved  In  10-25  ul  DMSO.  The  epidermal  surfaces  were  non-occluded  and  the 
diffusion  cells  were  Incubated  at  36*C  for  48  hr. 

Expressed  as  mean  ±  standard  deviation. 


Table  6.  Analysis  of  brevetoxln  ( f^H] PbTx-3)  end  other  radioactive  peaks  present 
In  various  components  of  percutaneous  system.1 


Material 

Chromatographic  peaks* 

Analyzed 

Contaminant 

- PhTpET3T3 

RT  -  2.8-4. 1 

5.6  -  7.1 

I^H]PbTx-3  Stock  " 

14d 

8^ 

Solution  (dissolved  In  Methanol) 

ai'  »  . — —w  , .  - . - 

- m - - 

. . . .  xn  ■  . . 

I^fTjPBT^Tlppra - T53 - W 


to  skin  (dissolved  In  DMSO) 

Receptor  fluid  bathing  24,  24^  75,  75^ 

teflon"  disc  (48  hr  after  dosing) 


Receptor  fluid  bathing 
guinea  pig  skin 

24  hr  after  dosing 

31  ± 

2C 

69  t 

2C 

48  hr  after  dosing 

36  1 

lu 

64  t 

lc 

Extract  of  guinea  pig  skin 

1st  extract 

9  t 

lc 

89  ± 

?c 

2nd  extract 

8  ± 

1 

78  ± 

2 

^Iscs  of  excised  guinea  pig  skin  were  mounted  on  static  diffusion  cells.  The 
epidermal  surfaces  were  each  dosed  with  0.9  ug  [3H]PbTx-3  dissolved  In  106  ul 
DMSO.  Samples  (25  to  50  ul)  were  removed  from  the  receptor  fluid  (24  and  48  hr 
after  dosing)  and  radiochemical  purity  analyzed  with  HPLC/FLO-ONE.  The 
stability  of  [3H]PbTx-3  In  receptor  fluid  was  determined  by  Incubating  [3H]PbTx* 
3  In  PBSA  bathing  teflon  discs  for  48  hr. 

^Expressed  as  percentage  of  total  peak  area.  Rj  -  retention  time  (min). 

^Result  of  single  determination. 

•individual  data  points  listed  (n-2). 
cMean  +standard  error  (n-4). 


Table  7.  Penetration  of  [3H]PbTx-3  through  excised  guinea  pig  skin 
(vehicletDMSO) 


- [3ri]PbTx-3a 

Components  of  Percutaneous 

Diffusion  System 

ug 

%  of  applied  dose 

Dose  applied  to  epidermal  surface 
of  excised  guinea  pig  skin 

0.933 

Dose  present  in  receptor  fluid 

-  after  24  hr  incubation 

-  after  48  hr  incubation 

0.110  t  0.012 

0.109  t  0.012 

12 

12 

Dose  recovered  ^n  methanol  extracts 
of  skin 

-  first  extract 
-second  extract 

0.716  i  0.018 

0.060  t  0.015 

76 

6 

Total  recovery  of  applied  dose 

0.885 

94 

aAll  values  have  been  adjusted  to  represent  [3H]PbTx-3,  based  on  results  of 
radiochromatographic  (HPLC)  analyses  of  dose  applied,  receptor  fluid  and  skin 
extracts  (See  Table  6) 
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Fig.  1.  Chromatogram  of  mlcrocystin  standard.  Peaks:  2-contaminant; 
M-mlcrocystin  (L*  form),  5  ug;  4-contamlnant.  Chromatographic  conditions:  u 
Bondapak  C18  reverse  phase  column,  mobile  phrase  was  0.1  M  ammonium  acetate  (pH 
5.1):  acetonitrile  (75:25, v/v),  absorbance  was  monitored  at  240  nm. 
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Fig.  2.  Chromatogram  of  brevetoxin  (PbTx-2)  standard.  Peak:  B-PbTx-2,  5  ug 
Chromatographic  conditions:  u  Bondapak  C18  reverse  phase  col umn  mobi 1 e  phase 
was  methanol:  water  <85:15,  v/v),  absorbance  was  monitored  at  215  nm. 
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Fig.  4.  Chromatogram  of  lyngbyatoxln  A  standard.  Peak:  L  -  lyngbyatoxln  A,  5 
ug.  Chromatographic  conditions:  C18  normal  phase  column,  mobile  ohase  was 
hexane:  chloroform:  Isopropanol  (85:10:5,  v/v),  and  absorbance  was  monitored  at 
254  nm. 
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